Background: To address challenges presented to clinicians to diagnose and treat molar incisor hypomineralisation (MIH), a new assessment tool was created. Aim: To explore the reproducibility and validity of a new instrument developed to assess MIH. Methods: Inter-rater and test-retest reliabilities were examined using Cronbach's alpha. Thirty-five oral health professionals scored clinical photographs for the presence/absence of MIH and other enamel defects using the new index. Face, content, and construct validities were assessed. A panel of six experienced researchers assessed face validity. Construct validity was determined by examining hypothesised associations with clinical variables reported to change concurrently or as modifiers of the MIH outcome. Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were also assessed. Results: The index reflected the hypothesised associations regarding the presence, prevalence, and severity of MIH, demonstrating construct validity. Researchers indicated that codes and definitions were clear and suitable for international use.
regarding carious lesion development, and the condition negatively impacts their quality of life. 5, 6 There has been growing interest and research in MIH since its formal recognition in 2001. 1 On the other hand, there are no standard criteria to identify and classify MIH lesions. Most previous studies utilised either the European Academy of Paediatric Dentistry (EAPD) judgement criteria, modified index of developmental defects of enamel (mDDE), or individual criteria to identify and illustrate the cases of MIH and HSPM. 7 MIH prevalence rates vary from 2.4% to 44%, highlighting the vast disparity in the reported prevalence rates across the world, the result of a lack of internationally utilised and reliable criteria for diagnosing MIH and HSPM. 7, 8 For HSPM, prevalence ranges between 0% and 21.8%. 7 Recently, a new index has been developed to be used for the diagnosis of MIH/HSPM. 9 Compared with the previous criteria and indices, the MIH/HSPM index combines principles of the EAPD judgement criteria and mDDE index in order to grade the clinical status, amount of tooth surface area affected, and other enamel defects comparable to MIH. 9 The new index potentially minimises misdiagnosis of MIH/HSPM, is available for a wide range of ages to explore the prevalence of MIH/HSPM, and determines the prevalence changes over time. A training module was developed to assist researchers in implementing the index in a standardised manner. 10 Several researchers are using/have used the index, [11] [12] [13] [14] [15] [16] but its properties, in terms of validity and reproducibility, are yet to be tested. As with any new index, the MIH/ HSPM index needs to demonstrate adequate reproducibility (ie reliability) and validity to be used for clinical assessment. The aim of the present study is to assess the validity and reproducibility of the new index of MIH/ HSPM. The new index would allow better comparison of MIH/HSPM prevalence data between different geographical regions.
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| MATERIALS AND METHODS
The present study focuses on real data from two previous prevalence studies to explore the reproducibility and validity of the index in different age groups and different populations. 11, 14 In the first study, the prevalence of MIH among 424 randomly selected children (8-12 years) in Sabah, East Malaysia, was 16.0%. 14 In the second study, the prevalence of HSPM among 623 children (3-5 years) randomly selected in Melbourne, Victoria, Australia, was 14.1%. 11 Based on these two studies, the instrument's face, content, and construct validities, as well as internal consistency, inter-and intra-examiner, and test-retest reliabilities were examined.
Description of the index codes is provided (Table 1) . To assess the psychometric properties of the newly developed index, a research protocol was designed to test validity (construct, content, and face) and reliability (inter-rater and test-retest). Validity of a measurement is usually evaluated as how an index's score accurately represents the theoretical construct under study. 17, 18 As there is no standard criterion measure for MIH to be used as comparator, the construct validity approach was relied on to test validity of the index. This approach involves the examination of hypothesised associations with "concepts concerning the phenomenon under study." 19 Therefore, construct validity was assessed through examination of clinical variables with hypothesised associations that have been reported to regarding the presence, prevalence, and severity of MIH/ HSPM. Socio-demographic and general health variables were not included in this analysis as there is no universal agreement on their association with presence and severity of MIH. 20 Six features have been reasonably delineated in the literature regarding MIH. 7, 8, 21 Directions of the measures predicting presence and severity of MIH are in the Results section to save space. Significant effects were examined by one-way analysis of variance (ANOVA). To further explore and interpret MIH scores, a significant ANOVA was followed by post hoc tests (Tukey's honestly significant differences) to determine which groups had different scores on each of the independent variables examined. To better understand the relationship between the combination of clinical variables and MIH, the probability was explored utilising a logistic regression analysis (LRA). Level of significance was set at a P-value of 0.05. Before
Why this paper is important for paediatric dentists
• Molar incisor hypomineralisation (MIH) has many negative impacts on patients and presents diagnostic and treatment challenges to clinicians. A new assessment tool for measuring MIH/ HSPM lesions was developed consistent with existing judgement criteria to grade the clinical conditions, amount of tooth surface area affected, and other enamel defects.
• The study provides initial evidence of the reproducibility and validity of the MIH index to be considered a valid and reliable tool for MIH/ HSPM assessment in clinical practice and large epidemiological studies.
• Future research using this index would provide additional information aimed at determining worldwide MIH prevalence.
the analysis, data were screened for violation of the assumptions underlying parametric methods. Analyses were carried out using IBM SPSS Statistics (24.0, IBM Corp, Armonk, NY, USA). Additionally, two other types of validity were addressed in the present analysis: content and face validities. Content validity explores how well the instrument developed incorporates the domain of the phenomenon under study. 19, 22 Face validity uses expert agreement on whether the index represented those characteristics and features of MIH/ HSPM well. 16 To test content validity, six experienced researchers assessed whether the codes and definitions included appropriately reflected what should be reported and whether the different clinical presentations of MIH/HSPM were well captured in these codes and definitions. Thus, face and content validities ensure the inclusion of a comprehensive range of items that appropriately represented MIH/HSPM. As there is no statistical method to test whether the instrument accurately covers the content of a measure, the content and face validities will be presented through expert judgement. 22 A convenience sample of six experienced international MIH researchers, who were not part of the development of the MIH/HSPM index, provided their opinion on content of the index. Selection of the panel required the identifying of people from different backgrounds who were knowledgeable in the area as evidenced by publication in peer-reviewed journals and were interested in the subject to be assessed. The panel was required to review the instrument's codes and definitions of the clinical status of enamel defects and to indicate by yes or no to whether they appropriately reflected what is reported and whether all the different clinical presentations of MIH/ HSPM were well captured in these codes and definitions. Reliability presents the consistency or repeatability of a measure, which is used to estimate the stability of measures used at different times or by different examiners. 23, 24 Testretest reliability can be used to measure the instrument's stability over time, which indicates that the results of the test should be consistent each time it is used. 23, 24 Inter-rater reliability aims to establish the degree of agreement by using the instrument among different examiners. 23, 24 Inter-rater and test-retest reliabilities were assessed using a convenience sample of 35 oral health care providers (dentists and oral therapists) who reviewed clinical photographs collected from patients who were previously examined for the presence/absence of tooth development defects of enamel. The levels of inter-examiner and test-retest reliabilities were explored using the kappa statistic. 25, 26 Further, a valid index should present satisfactory scores of sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). 27 Therefore, they were calculated with the data provided by the 35 oral health care providers using MEDCALC ® (12.0, MedCalc Software, Ostend, Belgium) to assess whether this index could be used to diagnose MIH/HSPM-affected teeth correctly. • Number of affected teeth and severity of lesion.
[Assumption: When using the new index, individuals with more severe lesions will have more teeth involved.] 3,29 Findings: Of 424 participants in Study
One, 347 were enamel defect-free (ie no signs of MIH) in their first permanent molars and incisors. Of those participants who had first permanent molars and/or incisors with defects (n = 77), 31 (40.3%) had one permanent tooth affected; another 18 (23.4%) had two teeth involved; twelve (15.6%) participants had three teeth affected; and another ten (13.0%) had four teeth affected. The remaining six participants (7.8%) had between five and eight teeth affected; as a result, the hypothesis was confirmed. Severity of MIH was associated with the number of teeth with MIH experience (P < 0.01); participants with opacities only had a lower mean number of teeth involved (1.9 ± 1.2 teeth) compared to those with severe lesions (ie PEB, atypical restoration, and atypical extraction) cases of MIH (3.1 ± 2.0 teeth). [Assumption: When using the new index, the most common presentation will be white opacities followed by brown lesions and PEB.] 21 Findings: Of the MIH lesions present (n = 178), the majority (118; 66.3%) were white, 19.7% (n = 35) were brown, and the remaining 14.0% (n = 25) had PEB, and therefore, the hypothesis was confirmed.
• • Permanent incisors enamel breakdown. [Assumption:
When using the new index, PEB in permanent incisors should be rare.] 21 Findings: Although thirteen permanent incisors were affected with MIH, none had PEB, in that way the hypothesis was confirmed.
• Number of affected teeth and dental caries experience.
[Assumption: Children with more teeth affected with MIH will tend to have higher caries prevalence compared to MIH-free children. A positive correlation was assumed.] 21 Findings: A higher number of teeth with MIH was positively correlated with dental caries experience (P < 0.0001), and accordingly, the hypothesis was confirmed.
• MIH severity and number of teeth affected with dental caries.
[Assumption: Severity of MIH will be positively correlated with dental caries experience in permanent dentition, compared to MIH-free children.] 21 Findings:
Severity of MIH was associated with the number of teeth with dental caries experience (P < 0.0001). MIHfree children had a lower mean DMFT compared to any other level of MIH severity. Those with more severe MIH had significantly higher mean DMFT scores compared to those with demarcated opacity lesions; thereby, the hypothesis was confirmed. (See Table 2 ).
• Extension of MIH defect and dental caries experience.
[Assumption: Independent of MIH severity, extension of MIH will be positively correlated with dental caries experience in permanent dentition.] 21 Findings: Extension of the MIH defect was associated with the number of teeth with dental caries experience (P < 0.0001). MIH-free children had a lower mean DMFT compared to those with MIH defects (0.20 vs 3.32). In the same way, those with MIH extension of less than one-third of the tooth surface had a significantly lower mean DMFT compared to those with an MIH defect that extended beyond one-third of the tooth surface. However, those with an extension between one-third and two-thirds of the crown showed no statistically significant difference when compared to those with MIH defects extending beyond two-thirds of the crown; as a result, the hypothesis was confirmed (See Table 2 ).
| Presence and severity of HSPM in primary dentition
• Type of lesions. [Assumption: When using the new index, the most common presentation of HSPM will be white opacities followed by brown lesions and last atypical restorations.] 21 Findings: Of 623 participants in Study Two, 535 were enamel defect-free (ie no signs of HSPM). Of those participants with defects (n = 88), the majority (51.1%) had white defects, another 46.6% had brown lesions, and of the remaining 2.2%, one had PEB and one was missing due to HSPM; therefore, the hypothesis was confirmed (See Table 3 ).
• Relationship between MIH and HSPM. [Assumption:
Children diagnosed with HSPM will be more likely to develop MIH than those who were HSPM-free.]
4,30
Findings: Children who had HSPM were almost 2.5 times more likely to have MIH in their permanent dentition [Adjusted OR = 2.45; 95% CI 1.20 to 5.01; (P < 0.02)]; thus, the hypothesis was confirmed.
| Face and content validities
To ensure that the index represented well those characteristics and features of MIH/HSPM (ie content validity), six experienced researchers assessed whether the included codes and definitions appropriately reflected what should be reported and whether the different clinical presentations of MIH/HSPM were well captured in these codes and definitions. Participating researchers unanimously indicated that codes and definitions were straightforward, clear, easy to apply, related to the MIH/HSPM, and suitable for use internationally. Additionally, they indicated that the codes and definitions represented the condition, indicating that the index had content validity.
| Inter-examiner and test-retest reliabilities
For test-retest reliability, most examiners achieved "Substantial" to "Almost perfect" levels of agreement according to Landis and Koch criteria, in both the clinical presentation (kappa range from 0.94 to 0.60) and lesion extension (kappa range from 0.97 to 0.54). 25 In regard to inter-examiner reliability, "Substantial" to "Almost perfect" agreements were achieved by all examiners for both the clinical presentation (kappa range from 0.97 to 0.61) and lesion extension (kappa range from 0.94 to 0.56) (See Table 4 ).
3.4 | Sensitivity, specificity, PPV, and NPV Diagnosis of MIH vs DDE using the images when compared to the reference standard resulted in sensitivity of 98.0 (95% CI: 97.1-98.6) and specificity of 98.0 (95% CI: 96.2-98.9). Positive predictive values and negative predictive values were also high (99.3% and 94.1%, respectively) (See Table 5 ).
| DISCUSSION
Many studies have assessed the prevalence and presentation of MIH as fundamental information for clinical service provision and other purposes such as understanding aetiological and risk factors. These studies have also highlighted the need for improvements in the assessment and measurement of this condition. 8 The present results represent the validation of a new MIH tool which was developed consistent with current judgement criteria to grade the clinical statues, amount of tooth surface area affected, and other enamel defects comparable to MIH. 9, 31 The development of the MIH index as an assessment tool to measure MIH brings researchers in the area closer to filling this gap in the literature.
The validity and reproducibility of the MIH index were evaluated. Three types of validity were addressed, namely face, content, and construct validities. Face validity involved six experienced researchers looking at the MIH index items who agreed unanimously that the instrument was a theoretically valid measure of MIH. Content validity was assessed by ensuring the inclusion of a comprehensive range of items that appropriately represented the MIH clinically, which have been identified and defined in the literature. It included a comprehensive sample of items on the clinical aspects such as presence and severity of MIH in permanent and primary dentitions. The construct validity of the scale was established by using it successfully to test several hypotheses, derived from the literature, consistent Regarding reliability, it constitutes an important issue in the use of any measurement method and even more important when a new measurement is being developed. 23 Therefore, it was necessary to demonstrate that the instrument was repeatedly measuring what it was intended to measure. 23 In the present study, reliability was assessed as interexaminer consistency and test-retest reliability; for the latter, the index demonstrated to have test-retest reliability. The magnitude of the kappa coefficient represents the proportion of agreement greater than that expected by chance. In the present study, with few exceptions, all reviewers reached or exceeded the minimum acceptable result (ie 0.70). 23 As further evidence of its diagnostic accuracy, the MIH index showed good sensitivity and specificity, which indicates that application of the index will correctly identify those with MIH and those with enamel defects other than MIH. Furthermore, the PPV, the probability of a child who receives a positive MIH result has the condition, was almost perfect, and the NPV (ie probability that the disease is not present when the test is negative) was also very high. 32 The present study has strengths and weaknesses that must be considered. This evaluation focused on real data to explore the index's reproducibility and validity in different age groups and different populations. The samples had reasonable variation and fulfilled requirements for statistical analysis, including sufficient numbers of participants with various degrees of MIH. These two studies collected cross-sectional data only, and therefore, only tested clinical variables associated with MIH. Hypotheses around other risk factors (ie history of child/maternal illness, birthweight, and alcohol consumption during pregnancy) could not be tested. Thus, if we want to unambiguously establish the scale's validity, longitudinal data should be collected to account for the complexities and multifactorial nature of MIH. Moreover, longitudinal studies are necessary to explore additional putative causal factors. Notwithstanding this, the present results support the continued use of the scale in research for measuring MIH, and it provides the first evidence of its reproducibility and validity.
In view of the respective literature, the need to conduct more prevalence and aetiological studies using standardised criteria was emphasised, otherwise MIH preventive and management programmes may be difficult. 7, 8, 10, 20, 21 The present study was undertaken to develop an index that overcomes deficiencies of previous MIH criteria and indices and is simple to administer. The instrument was conceived, based on previous criteria (ie EAPD and mDDE) with two forms. 9 Validation outcomes indicated promising results, and overall, the MIH index demonstrated adequate reliability and validity for group comparisons. Further development of this instrument would offer promising avenues for its use in population and clinical practice studies and would provide valuable information for policy makers designing preventive and management strategies, programmes, and services for the community. There is no doubt that the instrument can be improved, but this preliminary investigation has confirmed, in a large sample of subjects, not only the different risk factors and clinical characteristics of MIH, but that it is possible to measure using simple summated scales. In addition to further investigation of the reliability and the construct validity of the MIH index, directions for future research should, firstly, include comparable studies in other ethnic/racial groups, since its design allows-with some minor changes in the wording of items-cross-validation of the scale. The use of the instrument will also provide opportunities for inter-country comparisons. The use of the instrument will also extend to longitudinal studies and be appropriate in providing baseline data for intervention research.
| CONCLUSION
The index codes and their descriptions demonstrated face, content, and construct validities with a high level of T A B L E 5 The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), and accuracy of MIH index for diagnosis of MIH vs DDE agreement. The inter-and intra-observer reliability for MIH and HSPM were "Substantial" to "Almost perfect." The present study confirms all the assumptions which were stated by previous studies which adds to the value of the index. The index demonstrated adequate evidence to be considered a valid and reliable tool for MIH/HSPM assessment in clinical practice and large epidemiological studies.
